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Description
Technical Field

[0001] The invention relates to a system for training optimisation.

[0002] The presentinvention involves a system that monitors and coaches a user in his training activities and adapts
its advices and training suggestions based on the measured activities of the user. The term training is to be interpreted
broadly in the sense that it not only relates to sport training but also training for revalidation, health, wellness, appearance
etc.

Background Art

[0003] The prior art known to applicant does not describe such a system.

[0004] A publication known to applicant is WO02/00111. This publication relates to a system for monitoring heath,
wellness and fitness. The known system discloses a sensor device worn on the arm in which a accelerometer, a galvanic
skin response sensor and a heat sensor are incorporated and which collects data. Based on these data analytical status
data is processed in a central monitoring unit. First, a user has to complete an initial survey on the basis of which a
profile is generated that provides the user with a summary of his or her relevant characteristics and life circumstances.
A plan and/or set of goals is provided in the form of a suggested healthy daily routine. The suggested healthy daily
routine may include any combination of specific suggestions for incorporating proper nutrition, exercise, mind centering,
sleep, and selected activities of daily living in the user’s life. Subsequently, the known system collects data with the
sensor device and based on these data the central monitoring unit presents charts which compare the collected data
with the suggested healthy daily routine. In fact, the known system is a monitoring system and does not generate
information for optimisation of training.

[0005] Other background artis provided by the Foster system for physiological characterisation of training. The Foster
system defines a "Training load" (TL) which is established by multiplying the duration (D) of the training with the intensity
() of the training, i.e.:

TL=D*1I

wherein

D is duration;

| is intensity or RPE.

[0006] Foster further defines a "Total training load" (TTL) which is established by the sum of the subsequent training
loads.

TTL=%XTL

[0007] Forster defines "Monotony" (M) with the following formula:

M = average of TL / standard deviation of TL

[0008] Finally Forster defines "Training stress" (TS) with the following formula:

TS =TTL*M

[0009] Karvonen has defined a formula to establish a "target heart rate" (THR).

THR = (HRmax — HRrest) X %Intensity) + HRrest

wherein
HRmax is the maximum heart rate of the person
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HRrest is the average heart rate at rest
%Intensity is a factor which is indicative for the intensity of the training
[0010] Maximum heart rate (HRmax) can be estimated using the well known rule of thumb:

HRmax = 220 - age

or variants of this rule which are described in [1], [2], [3], [4]. A great individual variety is known to exist.

[0011] HRmax can also be measured under supervision of a doctor under very intensive training circumstances.
HRrest can be established by taking the average of several measurements of the heart rate at rest.

[0012] Finally, the well known Body-Mass index (BMI) can be used to determine whether body weight allows for
intensive training.

BMI = weight / (length)2

[0013] US 2005/017410 relates to a system that is capable of deriving physiological information relating to the user.
A sensor that may be used in the known system is a heart rate sensor and an acceleration sensor. The acceleration
sensor measurements are used to determine the type of activity that is performed (see [0034]). On the basis of that
determination, and the duration, the activity detection application is capable of computing the energy expended by the
user based upon the activity performed by the user and an intensity level with which the user performed the activity
level. The system may include a destination with which the mobile station that is carried by the user may communicate.
The destination may create, modify or otherwise customized workout programs or routines.

[0014] US 6.050.924 relates to a system according to the preamble of claim 1. This publication relates to an exercise
system and, more particularly, to an exercise terminal network including exercise terminals usable by an exerciser in a
training or rehabilitation program. The known system comprises a central computer having a memory for storing a
database, which includes inter alia, data regarding the exercisers who use the exercise terminal network. The data
regarding an exerciser may be collected by means of a sensor attached to the exerciser and configured to monitor the
activity level of the exerciser. During exercising, data on one or more physiological parameters of the exerciser, such
as for example heart rate or blood pressure, are measured and stored in the memory. A sensor may be present to
monitor the activity lever of the exerciser (e.g., how fast the exerciser is pedaling on a stationary bicycle). The stored
data may be used by a system control program and/or a fithess consultant to select future exercise data for the exerciser.
In addition, the known system is provided with a processor, to process the activity data, and an output device, such as
a television or display, showing the processed data to the exerciser.

Disclosure of the invention

[0015] The invention provides a system for training optimisation according to claim 1.

[0016] Withsuch a system ausercan obtain a specific and personal training advice for a next training session. Because
use is made of mechanical parameter data stored in the log file, the mechanical load of the previous training sessions
can be taken into account when determining the training advice for the next training. The training advice module can be
adapted to process historical sensor data stored in the log file and, based thereon, determine a frequency for a series
of next training sessions and/or determine the type of training to be performed in the next training session. Consequently,
the historical mechanical load pattern can be taken into account. It is known that a major group of injuries is caused by
cumulative overload as a consequence of too many training sessions within a certain period of time, too intensive training
sessions within a certain period of time, poor running technique, or training under the wrong circumstances or with the
wrong equipment (like shoes).

[0017] The cumulative load parameter is indicative for the mechanical load history of the training sessions which took
place before the training session to be determined. When the cumulative load parameter or mechanical load history is
high, the training advice module will schedule a training session with a relatively small mechanical load so that the body
of the user will have the opportunity to recover. When, on the other hand, the cumulative load parameter is low, the
training advice module will schedule a training session with a relatively high mechanical load so that the body is stimulated
to expand its biomechanical loadability using the mechanism of supercompensation.

[0018] By measuring a mechanical load parameter and by storing the data from these measurements in a log file, an
objective characterisation can be obtained from the mechanical load of previous training sessions.

[0019] "Active peak" is defined by the maximal vertical force during the push off phase in running. "Technique" is
defined by the way in which muscles are activated in time resulting in a certain movement pattern. "Leg stiffness" is
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defined by the maximal vertical force divided by change in vertical leg length. "Vertical stiffness" is defined by the maximal
vertical force divided by the vertical displacement of the centre of mass. "Torsional stiffness" is defined by the change
in joint moment divided by the change in joint angle.

[0020] According to an embodiment of the invention, the data stored in the log file can also be used for determining
a training advice for a current training session.

[0021] With such an embodiment, the data stored in the log file can not only be used for determining a training advice
for a next training session but additionally be used for adapting the current training session by dispatching a training
advice for the current training session.

[0022] In afurther elaboration of the invention the system comprises at least one sensor for measuring a physiological
parameter chosen from the group consisting of heartbeat rate, respiration rate, skin temperature, core body temperature,
ventilation (liters/minute of breath), volume of oxygen uptake (VO,), CO, production (VCO,), respiratory exchange ratio
between oxygen and carbon dioxide (RER), and lactate levels, the storage module for storing data also being adapted
to store data which are dispatched by the at least one sensor for measuring a physiological parameter.

[0023] In still a further embodiment of the invention, the system comprises at least one sensor for measuring a per-
formance parameter chosen from the group consisting of speed, distance, acceleration, height (e.g. of jump, hit), impact
(e.g. of hit), precision, reproducibility, gross efficiency, goals, correct passes, successfulinterventions, successful assists,
number of goal shots.

[0024] In another further embodiment of the invention, the system comprises at least one sensor for measuring an
environmental parameter chosen from the group consisting of environmental temperature, humidity, air pressure, altitude,
global position (latitude, longitude), wind speed, wind direction, water temperature, wave speed, wave direction, wave
size, ground/ice/snow temperature, ground/ice/snow density, ground/ice/snow stiffness.

[0025] Such stored physiological, performance and/or environmental data can be used as input for the training advice
module for determining the training advice for the next training session. When for example the heartbeat rate is monitored
during the training sessions, possibly combined with one or more performance parameters, the training advice module
can determine whether the load of previous training sessions led to an improvement of the condition of the user and
can, based thereon, increase the load, i.e. the cardiovascular load, of a next training session which is advised by the
training advice module.

[0026] In a further embodiment, the stored physiological, performance and/or environmental data can also be used
as input for the training advice module for determining the training advice for a current training session. When a change
in e.g. physiological data during a current training session is conformal to change in the stored data and when the change
in the stored data from a previous training session is to be prevented, then the training advice module can dispatch a
training advice for the current (ongoing) training session.

[0027] In a further embodiment, the training advice module, when processing sensor data stored in the log file for
determining a training advice, can be adapted to take into account at least one of the following parameters: age, length,
weight, gender, training level of the user of the system, subjective training evaluation indicators based on filled in question
forms etc.

[0028] Such parameters are indicative for the condition of the user and play an important role when the determining
a training advice.

[0029] The training advice module can be adapted to determine on the basis of the historical sensor data stored in
the log file a cumulative load parameter which is used for scheduling a next training session and/or determining frequency
of a series of next training sessions and/or for determining the type of training to be performed in the next or a current
training session.

[0030] In an embodiment of the invention at least one sensor for measuring a mechanical parameter is a sensor for
determining acceleration of, for example, hip, ankle or knee, wherein the training advice module is arranged for scheduling
a training session to be chosen from at least two of the following categories:

* a high impact type, e.g. running on a hard surface,
* amoderate impact type, e.g. jogging on a soft surface, or
* alow impact type, e.g. bicycling, walking or swimming.

[0031] With such a system, the training advice module can provide the user with a balanced training programme
containing a proper mixture of a high impact, moderate impact and low impact sports. Simultaneously, when the heart
beatrate is also monitored, the cardiovascular load over the various training sessions will be balanced, which is important
to improve the condition of the user without in bringing the user into a danger zone with respect to his cardiovascular
condition.

[0032] In order to give the user a good picture of the history of this training sessions, the system can comprise a
representation module for representing the data in the log file in a graphical manner on a display or a hard copy.
[0033] The display and the storage module can be part of an electronic device, the electronic device chosen from the
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group comprising a computer, a hand held computer, a mobile phone, a watch, an armband, a piece of clothing, a
waistband and the like, wherein the sensors are connectable to, or part of the electronic device. In an alternative em-
bodiment, the sensors can be connectable to the electronic device via a wireless connection.

[0034] The training advice module can be part from said electronic device. However, in an alternative embodiment,
the training advice module can be part from a server at a remote site, wherein the log file in the storage module is
transferable to the server via a data network, such as a wireless data network, the internet, a telephone network or
combinations thereof.

[0035] The invention shall be further elucidated with reference to embodiments shown in the figures.

Brief Description of the drawings

[0036]

Fig. 1 is a schematic representation of an embodiment for determining an advice on a next training session;
Fig. 2 is a schematic representation of an embodiment for determining an advice on a current training session;
Fig. 3 is a schematic representation of an embodiment of system according to the invention;

Fig. 4 shows a time/step-diagram with which the use of an embodiment of the system is elucidated; and

Fig. 5 is a schematic diagram of an embodiment of the system.

Detailed description of the drawings

[0037] Fig. 1 shows a flow chart for determining and advice on a next training session.

[0038] When determining an advice for a next training session, the system in a first step S1 reads a training history.
The training history can be known to the system when the user has answered questions at an intake session. Such an
intake session can be based on questions which are posed via a user interface of the system. The answers on the
questions will provide an indication of the training history. In the same intake session, also questions about the injury
history can be posed. It is also possible that the information of the training history and injury history are provided by a
trainer of the user to the system.

[0039] When the system has been in use for some time, the training history can be established on the basis of the
sensed data which is logged in the log file. Based on the data which is sensed by the mechanical load sensor a mechanical
training load can be calculated as follows:

Training load mechanical = number of repetitions of impact * average magnitude

of mechanical parameter

[0040] Candidates for the mechanical load parameters are number of steps, distance, rate of pronation, maximal
pronation, timing, rate of loading, impact peak, active peak, alignment of joints (such as hip, ankle, knee, foot, elbow,
wrist), technique, force, impact, speed, rotation (e.g. tibia during stance), rotational speed (e.g. tibia during stance), leg
stiffness, vertical stiffness, torsional stiffness, surface-foot contact time and acceleration. The magnitude of the mechan-
ical parameter is the equivalent for intensity in the mechanical realm. The training load can also be calculated using
patterns in the mechanical parameter as an indicator for the intensity of the training.

[0041] Based on the training load a value which is indicative for the training history can be determined with e.g. the
following formula:

Training history = training load 1ast week * 1 + training load iast month * a +

training load 1ast three months * b + training load 1ast ten years *c

Where 1>a>b>c.

[0042] A value indicative for the training history can be calculated both for the physiological training load and the
mechanical training load. The physiological training history can be established on a similar formula taking into account
and giving weight to the physiological training load of the last week, the last month and last three months. The functions
of Foster can used for determining a physiological training load. In the description of the background art hereabove
Foster has been discussed.

[0043] In a second step S2 the injury history is read by the system. A value which is indicative for the injury history
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can be established as follows. The injury history consists of a list of injury locations for injuries in last ten years (e.g. left
knee, right shin). For each injury location, injury history is stored as:

Injury history iocation x = last date with symptoms jocagion x

[0044] Based on this information an injury relevance can be determined by the following formula:

Injury relevance = training load without injury symptoms at location of

minimum (injury history iecation x) / maximum historical training load

[0045] Further, a value indicative for injury risk group can be determined:

Risk group injury =

If training history ,psiological < Minimal training history value x

OR Rest period after heavy training < minimal extended rest period
Then, risk grouppysiological = high

If training historyypysiological < Minimal training history value y

OR Rest period after training < minimal rest period

Then, risk groupppysiological = medium

Else, risk group,ysiological = 10W

Where x <y

[0046] In a third step S3 the maximum heart rate HRmax and the heart rate at rest HRrest are read. This data can be
made known to the system through the intake session or can be calculated on the basis of e.g. a rule of thumb which
is described hereabove in the description of the background art. As explained earlier, the HRmax can also be measured
in the presence of a doctor.

[0047] In a fourth step S4 the body mass index is determined on the basis of the formula described hereabove in the
description of the background art.

[0048] In step S5 a value indicative for the mechanical risk group to which the user belongs is determined:

Risk 9rouPpiomechanical =
If BMI > a BMIthreshold value then risk grouppiomechanica = high

If training history < a minimum training history then risk grouppiomechanical = high
If injury relevance < 70 % then risk groupy;omechanical = high

If injury relevance < 90 % then risk grouppiomechanical = Medium

Else, risk groupp;omechanical = low.

[0049] If BMI is larger than e.g. 28, training schedules should be adapted. The user is recommended to select low
impact sports like swimming or cycling.

[0050] In step S6 a maximum impact is determined.

Similar to Karvonen, a target biomechanical load can be defined:

Target biomechanical load = ((Impactmax — Impactmin) X %Intensity) +

Impactmin

In contrast with heart rate, Impact,,,,, can increase with training. Below, a procedure is given for defining safe increase.
Since Impact in rest is zero, Impact,, is defined as the 10t percentile lowest impact during a training session.

[0051] Maximum impact is based on injury history and is the highest biomechanical intensity at a single point during
a training session.

If risk group piomechanical = 10w, then maximum impact = last impact, .., * ((100+ growth percentage) /week) * constant *
Impact,;,) / (Impact, ., - Impact; )

The factor Impact,,;, / (Impact,,,, - Impact reduces the growth of impact for well trained people since they are already

min min)
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charging their body heavily.

The growth percentage per week could for example be 1%.

If risk group piomechanical = Medium, then maximum impact = last impact,,,, * slow increase percentage * (growth per-
centage /week) * constant * Impact,;;,) / (Impact,,, - Impact,,;,)

If risk group piomechanical = Nigh, then maximum impact = secure level * last impacty,etore injury * CONStant * Impact,;;,) /
(Impact,,, - Impact,,;,) The slow increase percentage could be e.g. 50%.

The secure level for biomechanical recovery could be e.g. 50 - 80%.

[0052] In step S7 the mechanical training frequency can be determined on the basis of the following function:

If risk group piomechanical = 10w, then mechanical training frequency = e.g. 3 times a week
If risk group piomechanical = Medium, then mechanical training frequency = e.g. 2 times a week
If risk group piomechanical = high, then mechanical training frequency = e.g. 1 times a week.

[0053] In step S8 a mechanical training load for the next training session is determined using the following function:

If risk group piomechanical = 0w, then mechanical training load = impact 4yerage, last session * (9rowth percentage /week)
* constant * Impact,;;,) / (Impact,,, - Impact,;.)

The growth percentage per week could for example be 101%.

If risk group piomechanical = Medium, then mechanical training load = impact,¢rage, last session - SIOW increase percent-
age * (growth percentage /week) * constant * Impact,, / (Impact,,,, - Impact,,;,)

If risk group piomechanical = high, then mechanical training load = secure level * training l0ad |45t session before injury *
constant * Impact,,;, / (Impact,,, - Impact,;,)

[0054] The slow increase percentage could be e.g. 50% and the secure level could be e.g. 50-80%.

[0055] Both maximum biomechanical impact and biomechanical training load are monitored for safety. Monotony is
decreased by applying a random variation in training duration of e.g. 20% or e.g. 10% in training intensity.

[0056] In step S9 a desired heart rate zone is determined. This can be done on the basis of known rules which are
e.g. described in references [1], [2], [3], [4] and Karvonen.

[0057] In step S10 the physiological frequency, i.e. the number of trainings for a certain forthcoming period, can be
determined on the basis of the physiological risk group in which the user is categorized. A similar formula as described
above for determining the mechanical training frequency can be used.

[0058] Instep S11aphysicalload fora nexttraining session can be determined based on a similar formula as described
in relation to step S8. Physiological growth percentages can be significantly higher than biomechanical growth percent-
ages.

[0059] Instep S12 asportis proposed. An advice for a sport selection can be determined by reading the corresponding
sport in the underlying table. Within the sport, a more detailed advice based on load and frequency is given.

Ph.Low Ph.Medium Ph.High

Mech.Low Walking Swimming, road cycling, rowing | Swimming, road cycling, rowing

Mech. Medium| Yoga Joggling, stepping, skating Stepping, skating, field cycling

Mech.High Trampoline, BMX Biking Running, soccer, BMX biking, mountain biking
yoga

[0060] Based on the mechanical and physiological risk group which have been determined for the user, the system
can propose a sport based on the above table. It will be clear that all kinds of different sports can be added in this table.
[0061] In step S13 the training variation is determined. A table of trainings is created with physiological training goals
(e.g. duration/interval) and mechanical training goals (e.g. maximum impact, sideward impact, specific limbs or joints).
[0062] When monotony of the training session increases, the system increases the probability of selecting a training
variation with a different characteristic.

A possible function for this is:

Probability training variation x = percentage of training variationy in training goal /

frequencyx 1in last month
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[0063] A training variation may also contain suggestions for a sport underground, e.g. asphalt street, grass, gravel,
artificial turf, wood soil.

[0064] In step S14 a next training session is proposed.

[0065] A next training session is suggested using the proposed sport and training variation with a frequency, heart
rate zone, physiological load, mechanical load and maximum impact as determined above.

[0066] Figure 2 shows a flow diagram for giving feedback on a current training session. The content of the diagram
does not need to be described in detail here because it is clear in itself for the most part. Steps T1-T4 can be determined
in the same manner as described hereabove with reference to steps S1-S4.

[0067] In T5 the data sensed with the physiological sensor, e.g. the heart beat sensor, is read. In T6 the data sensed
with the mechanical sensor, e.g. a vertical acceleration sensor, is read.

[0068] From the physiological data read in T5, it is determined in step T7 whether the current session is still physio-
logically safe. If the current training is still physiologically safe, a mechanical safety is determined in step T8. When the
current training session is not physiologically safe, a slow down advice is given in T9.

[0069] When the training session is physiologically safe, step T8 is performed. In step T8 the mechanical safety during
a current training session can be determined as follows. During a training session, sensors in the system monitor the
physiological and mechanical safety of the training session at that very moment. For mechanical safety, maximum impact
and total training load are monitored to stay below a maximum level. If the maximum level is surpassed, a warning is
given as indicated in step T10.

[0070] Whenthe currenttraining session is mechanically safe, in step T11 the physiological training effectis determined,
e.g. by measuring the heart beat rate and comparing it whether the actual heart beat is in the desired heart rate zone
is. If not the system provides in step T12 a signal to the user to increase the physiological training load, e.g. by indicating
to run or cycle faster.

[0071] When the physiological training effect is in order, the mechanical training effect is determined in T13. Such
mechanical training effect can be determined by comparing the actual training load with a set value. The actual training
l0adechanical €@n be determined using the following formula:

Training load mechanical = number of repetitions of impact * magnitude

of mechanical parameter.

[0072] The magnitude of the mechanical parameter during the current session is sensed by the mechanical parameter
sensor.

[0073] When the training load ,qchanical IS Pelow a set value, the advice is given in step T14 to increase the mechanical
impact of the training, e.g. by advising to run on a hard surface instead of a soft surface. When the training load,,cchanical
is within a certain range, the user can continue the training session and the system continues monitoring the user. When
the training load,,cchanical 1S @bove a certain set value the advice is given to decrease the mechanical impact of the
training or to end the training session dependent on the duration of the training session. The system also checks whether
the user has ended the session.

[0074] Figure 3 schematically shows the various modules of an exemplary embodiment of the system. U indicates a
user. The user U communicates with the system via a user interface 1. The system comprises a training advisor module
2 which can determine a training scheme on the basis the answers given in reply to questions of an interview which
displayed on the user interface 1 and based on evaluated sensor data from the Behaviour evaluator 8. The training
advisor module 2 also provides advices for a next training session and preferably also about a current training sessions.
The advices are provided via the user interface 1.

With reference numbers 3-7 sensors are indicated which sense respectively heart beat rate, impact, distance and other
data. Based on this sensed data, a behaviour evaluator module 8 evaluates the condition and behaviour of the user.
This evaluation data can be provided to the user interface 1 for informing the user U. From this evaluation, a long term
user characterisation is determined in module 9. This long term user characterisation comprises data about the me-
chanical risk group and physiological risk group in which the user U is characterized. The long term characterisation of
the user U is used by the training advisor module 2 for determining the training scheme, the next training advice and for
determining the current training advice. The training advice module 2 also uses a sport model 10, e.g. the table described
above, for categorizing different sports to determine the training scheme, the next training advice and the current training
advice. The sport model 10 is also used by the behaviour evaluator 8 to evaluate the behaviour of the user.

[0075] In an another embodiment of the system according to the invention the least one sensor for measuring a
mechanical parameter is a sensor for determining acceleration of, for example, hip, ankle or knee, wherein the training
advice module is arranged for scheduling a training session to be chosen from at least two of the following categories:
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* a high impact type, e.g. running on a hard surface,
* amoderate impact type, e.g. jogging on a soft surface, or
* alow impact type, e.g. bicycling, walking or swimming.

[0076] Figure 4 shows a step time diagram of the various steps to be taken to determine a training proposal.

U indicates the user;

C indicates a coach

1 indicates the user interface;

2 indicates the training advisor module;

3 indicates the various sensors;

8 indicates the behaviour evaluator module;

9 indicates the long term user characterisation module;

12 indicates a facility in which a first intake can be performed. This could be e.g. at home or in a fitness centre. In the
diagram time runs from the top to the bottom of the figure.

[0077] The arrows indicate the order of the steps. Further elucidation of the figure does not seem necessary.

[0078] Figure 5 shows an embodiment of a system according to the invention. A housing 11 includes a processor 12,
a memory 13, a power source 14 and integrated sensors 15. Via wiring 16 wired sensors 17 are connected with the
processor 12. Also wireless sensors 18 communicate with the processor 12. Itis clear that a system having only integrated,
wired or wireless sensors or combinations of two of those types of sensors also fall within the scope of the present
invention. Optionally the device can be connected to a personal computer 19. Of course, the personal computer can be
linked to the internet 20. The data logged in the log file can be processed in the processor 12 or in the personal computer
19 or in a external computer which is part of the internet 20.

[0079] Itwillbe clearthatthe invention is notlimited to the described embodiments butis defined by the appended claims.
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3. American Journal of respiratory and critical care medicine 2003; 167(2):211-277

4. ACSM 2006; Msse 1992;24(10):1173-1179 - Whaley et al. (= 220-Ift)

Claims
1. System for training optimisation, the system comprising:

« at least one mechanical load sensor (3; 17, 18) for measuring a load parameter

+ a storage module (13) for storing data which are dispatched by the at least one sensor (17, 18) in a log file;
+ a training advice module (2) which is arranged for determining a personal training advice related to a load
assessment of the user based on at least the data stored in the log file,

« at least one output device (1) such as a display, a sound signal, audio output, voice output or a vibrating
element for outputting said training advice to said user;

« the load parameter that is measured by the sensor is a mechanical load parameter which is indicative for a
mechanical load of the training and that is chosen from the group consisting of number of steps, distance, rate
of pronation, maximal pronation, timing, rate of loading, impact peak, active peak, alignment of joints (such as
hip, ankle, knee, foot, elbow, wrist), technique, force, impact, speed, rotation, rotational speed, leg stiffness,
vertical stiffness, torsional stiffness, floor-foot contact time and acceleration;

characterized in that

the training advice module (2) that determines a personal training advice is configured to base that training
advice on a mechanical load assessment of the user based on a cumulative mechanical load parameter that
is indicative for the mechanical load history of the training sessions which took place before the training session
to be determined, the training advice comprising a type of training to be performed in the next training session
so that when the cumulative mechanical load parameter or mechanical load history is high in arange, the training
advice module will schedule a training session with a relatively small mechanical load so that the body of the
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user will have the opportunity to recover and so that when, on the other hand, the cumulative load parameter
is low in said range, the training advice module will schedule a training session with a relatively high mechanical
load so that the body is stimulated to expand its biomechanical loadability using the mechanism of supercom-
pensation.

System according to claim 1, wherein the data stored in the log file is also used for determining a training advice
for a current training session.

System according to any one of claims 1-2, the system comprising at least one sensor (17, 18) for measuring a
physiological parameter, the storage module (13) for storing data also being adapted to store data which are dis-
patched by the at least one sensor (17, 18) for measuring a physiological parameter.

System according to claim 3, wherein the physiological parameter is chosen from the group consisting of hart beat
rate, respiration rate, skin temperature, core body temperature, volume of oxygen uptake (VO,), respiratory ratio
between oxygen and carbon dioxide (RER), lactate levels.

System according any of the preceding claims, wherein the system comprises at least one sensor (17, 18) for
measuring a performance parameter chosen from the group consisting of speed, distance, acceleration, height (e.g.
of jump, hit), impact (e.g. of hit), precision, reproducibility, gross efficiency, goals, correct passes, successful inter-
ventions, successful assists, number of goal shots.

System according to any of the preceding claims, wherein the system comprises at least one sensor (17, 18) for
measuring an environmental parameter chosen from the group consisting of environmental temperature, humidity,
air pressure, altitude, global position (latitude, longitude), wind speed, wind direction, water temperature, wave
speed, wave direction, wave size, ground/ice/snow temperature, ground/ice/snow density, ground/ice/snow stiffness.

System according to any one of claims 1-6, wherein the training advice module (2) processes historical sensor data
stored in the log file and, based thereon, determines the training frequency.

System according to any one of claims 1-7, wherein the training advice module (2) processes historical sensor data
stored in the log file and, based thereon, determines the type of training to be performed in the next or current training
session.

System according to any one of claims 1-8, wherein the training advice module (2), when processing sensor data
stored in the log file for determining a training advice, is adapted to take into account at least one of the following
parameters: age, length, weight, gender, training level of the user of the system, dominant sport, training goals,
subjective training evaluation indicators based on filled in question forms etc.

System according to any one of the previous claims, wherein atleast one sensor (17, 18) for measuring a mechanical
parameter is a sensor for determining acceleration of, for example, hip, ankle or knee, wherein the training advice
module (2) is arranged for scheduling a training session to be chosen from at least two of the following categories:

+ a high impact type, e.g. running on a hard surface,
» a moderate impact type, e.g. jogging on a soft surface, or
* a low impact type, e.g. bicycling, walking or swimming.

System according to one of the previous claims, comprising a representation module for representing the data in
the log file in a graphical manner on a display (1) or a hard copy.

System according to one of the previous claims, wherein the display (1) and the storage module (2) are part of an
electronic device (11), the electronic device (11) chosen from the group comprising a computer, a hand held computer,
a mobile phone, a watch, an armband, a piece of clothing, a waistband and the like, wherein the sensors (17, 18)
are connectable to, or part of the electronic device (11).

System according to claim 12, wherein the sensors (18) are connectable to the electronic device (11) via a wireless
connection.

System according to claim 12 or 13, wherein the training advice module (2) is part of said electronic device (11).
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15. System according to claim 12 or 13, wherein the training advice module (2) is part from a server at a remote site,

wherein the log file in the storage module (2) is transferable to the server via a data network (20), such as a wireless
data network, the internet, a telephone network or combinations thereof.

Patentanspriiche

1.

System zur Optimierung des Trainings, umfassend:

» mindestens einen Belastungssensor (3; 17, 18) zum Messen eines Belastungsparameters

+ ein Speichermodul (13) zum Speichern von Daten, die von dem mindestens einen Sensor (17, 18) in eine
Logdatei Gibertragen werden;

« ein Trainingsberatungsmodul (2), das geeignet ist, um einen personlichen Trainingsratschlag, bezogen auf
eine Belastungsbeurteilung des Benutzers basierend auf mindestens den in der Logdatei gespeicherten Daten,
Zu bestimmen,

» mindestens eine Ausgabevorrichtung (1), wie beispielsweise ein Display, ein Tonsignal, eine Audioausgabe,
eine Sprach-Ausgabe oder ein vibrierendes Element, um den Trainingsratschlag an den Benutzer auszugeben;
» wobei der von dem Sensor gemessene Belastungsparameter ein mechanischer Belastungsparameter ist, der
kennzeichnend fiir eine mechanische Belastung des Trainings ist und der ausgewahlt ist aus der Gruppe,
bestehend aus der Anzahl der Schritte, der Distanz, der Pronationsrate, der maximalen Pronation, dem Timing,
der Belastungsrate, der Wirkungsspitze, der aktiven Spitze, der Ausrichtung von Gelenken (z. B. Hifte, Knéchel,
Knie, Fu3, Ellbogen, Handgelenk), der Technik, der Kraft, dem Aufprall, der Geschwindigkeit, der Drehung, der
Drehgeschwindigkeit, der Beinsteifheit, der vertikalen Steifheit, der Verdrehungssteifheit, der Boden-Ful3-Kon-
taktzeit und der Beschleunigung;

dadurch gekennzeichnet, dass das Trainingsberatungsmodul (2) das einen persdnlichen Trainingsratschlag
bestimmt, konfiguriert ist, diesen Trainingsratschlag auf eine mechanische Belastungsbeurteilung des Benut-
zers, basierend auf einem kumulativen mechanischen Belastungsparameter, der kennzeichnend fiir den me-
chanischen Belastungsverlauf der Trainingssitzung ist, die vor der zu bestimmenden Trainingssitzung stattge-
funden hat, zu basieren, wobei der Trainingsratschlag eine Art von Training, durzufiihren in der ndchsten Trai-
ningssitzung, umfasst, sodass, wenn der kumulative mechanische Belastungsparameter oder der mechanische
Belastungsverlauf in einem Bereich hoch ist, das Trainingsberatungsmodul eine Trainingssitzung mit einer
relativ geringen mechanischen Belastung planen wird, sodass der Kérper des Benutzers die Mdglichkeit hat,
sich zu erholen, und sodass, wenn andererseits der kumulative Belastungsparameter in dem Bereich niedrig
ist, das Trainingsberatungsmodul eine Trainingssitzung mit einer relativ hohen mechanischen Belastung planen
wird, sodass der Koérper angeregt wird, seine biomechanische Belastbarkeit unter Verwendung des Mechanis-
mus der Superkompensation zu erweitern.

System nach Anspruch 1, wobei die in der Logdatei gespeicherten Daten auch verwendet werden, um einen Trai-
ningsratschlag fir eine aktuelle Trainingssitzung zu bestimmen.

System nach einem der Anspriiche 1-2, das System umfassend mindestens einen Sensor (17, 18) zum Messen
eines physiologischen Parameters, das Speichermodul (13) zum Speichern von Daten, das ebenfalls geeignet ist,
um Daten zu speichern, die von dem mindestens einen Sensor (17, 18) zum Messen eines physiologischen Para-
meters Ubertragen werden.

System nach Anspruch 3, wobei der physiologische Parameter ausgewahlt ist aus der Gruppe, bestehend aus der
Herzfrequenz, der Atemfrequenz, der Hauttemperatur, der Kérperkerntemperatur, dem Volumen der Sauerstoffauf-
nahme (VO,), dem Atmungsverhéltnis zwischen Sauerstoff und Kohlendioxid (RER) und den Laktatspiegeln.

System nach einem der vorhergehenden Anspriiche, wobei das System mindestens einen Sensor (17, 18) umfasst,
um einen Leistungsparameter zu messen, ausgewahlt aus der Gruppe, bestehend aus Geschwindigkeit, Distanz,
Beschleunigung, Héhe (z. B. Sprung, Schlag), Aufprall (z. B. des Schlags), Prazision, Wiederholbarkeit, Bruttoeffi-
zienz, Toren, korrekten Passen, erfolgreichen Interventionen, erfolgreichen Vorlagen, Anzahl von Torschissen.

System nach einem der vorhergehenden Anspriiche, wobei das System mindestens einen Sensor (17, 18) umfasst,
um einen Umgebungsparameter zu messen, ausgewahlt aus der Gruppe, bestehend aus Umgebungstemperatur,
Luftfeuchtigkeit, Luftdruck, Hohenlage, globale Position (Breitengrad, Ladngengrad), Windgeschwindigkeit, Wind-
richtung, Wassertemperatur, Wellengeschwindigkeit, Wellenrichtung, WellengréRRe, Boden-/Eis-/Schneetempera-
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tur, Boden-/Eis-/Schneedichte, Boden-/Eis-/Schneefestigkeit.

System nach einem der Anspriiche 1-6, wobei das Trainingsberatungsmodul (2) in der Logdatei gespeicherte his-
torische Sensordaten verarbeitet und basierend darauf die Trainingshaufigkeit bestimmt.

System nach einem der Anspriiche 1-7, wobei das Trainingsberatungsmodul (2) in der Logdatei gespeicherte his-
torische Sensordaten verarbeitet und basierend darauf die Art des Trainings bestimmt, das in der nachsten oder
aktuellen Trainingssitzung auszufihren ist.

System nach einem der Anspriiche 1-8, wobei das Trainingsberatungsmodul (2) bei der Verarbeitung von in der
Logdatei gespeicherten Sensordaten zur Bestimmung eines Trainingsratschlags geeignet ist, mindestens einen der
folgenden Parameter zu beriicksichtigen: Alter, GréRRe, Gewicht, Geschlecht, Trainingsniveau des Benutzers des
Systems, dominanter Sport, Trainingsziele, subjektive Trainingsbeurteilungsindikatoren basierend auf ausgefiillten
Frageformularen usw.

System nach einem der vorhergehenden Anspriiche, wobei mindestens ein Sensor (17, 18) zum Messen eines
mechanischen Parameters ein Sensor ist, um die Beschleunigung von beispielsweise Hifte, Knéchel oder Knie zu
bestimmen, wobei das Trainingsberatungsmodul (2) geeignet ist, eine Trainingssitzung zu planen, auszuwahlen
aus mindestens zwei der folgenden Kategorien:

* hohe Aufprallwirkung, z. B. Rennen auf einer harten Oberflache,
» maRige Aufprallwirkung, z. B. Joggen auf einer weichen Oberflache, oder
* niedrige Aufprallwirkung, z. B. Radfahren, Gehen oder Schwimmen.

System nach einem der vorhergehenden Anspriiche, umfassend ein Darstellungsmodul zum Darstellen der Daten
in der Logdatei auf grafische Weise auf einem Display (1) oder einem Ausdruck.

System nach einem der vorhergehenden Anspriiche, wobei das Display (1) und das Speichermodul (2) Teil einer
elektronischen Vorrichtung (11) sind, wobei die elektronische Vorrichtung (11) ausgewahlt ist aus der Gruppe,
bestehend aus einem Computer, einem in der Hand gehaltenen Computer, einem Mobiltelefon, einer Uhr, einem
Armband, einem Kleidungsstiick, einem Gurtel und dergleichen, wobei die Sensoren (17, 18) mit oder einem Teil
der elektronischen Vorrichtung (11) verbunden werden kdnnen.

System nach Anspruch 12, wobei die Sensoren (18) Uber eine drahtlose Verbindung mit der elektronischen Vor-
richtung (11) verbunden werden kénnen.

System nach Anspruch 12 oder 13, wobei das Trainingsberatungsmodul (2) Teil der elektronischen Vorrichtung
(11) ist.

System nach Anspruch 12 oder 13, wobei das Trainingsberatungsmodul (2) Teil eines Servers an einem entfernten
Standort ist, wobei die Logdatei in dem Speichermodul (2) Gber ein Datennetzwerk (20), wie beispielsweise ein
drahtloses Datennetzwerk, das Internet, ein Telefonnetzwerk oder Kombinationen davon, an den Server ibertragen
werden kann.

Revendications

1.

Systeme d’optimisation d’'un entrainement, le systéme comprenant :

- au moins un capteur de charge mécanique (3 ; 17, 18) pour mesurer un parametre de charge

- un module de stockage (13) pour stocker des données qui sont envoyées par le au moins un capteur (17, 18)
dans un fichier-journal ;

- un module de conseil d’entrainement (2) qui est agencé pour déterminer un conseil d’entrainement personnel
relatif a une estimation de charge de I'utilisateur sur la base au moins des données stockées dans le fichier-
journal,

- au moins un dispositif de sortie (1) tel qu’un affichage, un signal sonore, une sortie audio, une sortie vocale
ou un élément vibrant pour envoyer le conseil d’entrainement a I'utilisateur ;

- le paramétre de charge qui est mesuré par le capteur est un parameétre de charge mécanique qui est repré-
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sentatif d’'une charge mécanique de I'entrainement et qui est choisi parmi le groupe constitué d’'un nombre de
pas, une distance, un taux de pronation, une pronation maximale, un minutage, un taux de charge, un pic
d’'impact, un pic actif, un alignement d’articulations (telles que la hanche, la cheville, le genou, le pied, le coude,
le poignet), une technique, une force, un impact, une vitesse, une rotation, une vitesse de rotation, une raideur
de jambe, une raideur verticale, une raideur en torsion, un temps de contact sol-pied et une accélération ;

caractérisé en ce que

le module de conseil d’entrainement (2) qui détermine un conseil d’entrainement personnel est configuré pour fonder
le conseil d’entrainement sur une estimation de la charge mécanique de I'utilisateur basée sur un parameétre de
charge mécanique cumulé qui est représentatif de I'historique de charge mécanique des sessions d’entrainement
qui ont eu lieu avant la session d’entrainement a déterminer, le conseil d’entrainement comprenant un type d’en-
trainement a effectuer dans la session d’entrainement suivante de sorte que lorsque le parametre de charge mé-
canique ou I'historique de charge mécanique est élevé dans une plage, le module de conseil d’entrainement va
programmer une session d’entrainement ayant une charge mécanique relativement petite de sorte que le corps de
I'utilisateur aura I'opportunité de récupérer et de sorte que lorsque, d’autre part, le paramétre de charge cumulé est
bas dans cette plage, le module de conseil d’entrainement va programmer une session d’entrainement avec une
charge mécanique relativement élevée de sorte que le corps est stimulé pour accroitre sa capacité de charge
biomécanique en utilisant le mécanisme de surcompensation.

Systeme selon la revendication 1, dans lequel les données stockées dans le fichier-journal sont également utilisées
pour déterminer un conseil d’entrainement pour une session d’entrainement courante.

Systeme selon I'une quelconque des revendications 1 a 2, le systéeme comprenant au moins un capteur (17, 18)
pour mesurer un paramétre physiologique, le module de stockage (13) pour stocker des données étant également
adapté pour mesurer des données qui sont envoyées par le au moins un capteur (17, 18) pour mesurer un parameétre
physiologique.

Systeme selon la revendication 3, dans lequel le paramétre physiologique est choisi parmi le groupe constitué des
niveaux du rythme cardiaque, de la fréquence de respiration, de la température de la peau, de la température
corporelle, du volume d’absorption d’'oxygéne (VO,), du rapport respiratoire entre I'oxygene et le dioxyde de carbone
(RER), des niveaux de lactate.

Systeme selon I'une quelconque des revendications précédentes, dans lequel le systéme comprend au moins un
capteur (17, 18) pour mesurer un paramétre de performance choisi parmi le groupe constitué d’'une vitesse, une
distance, une accélération, une hauteur (par exemple d’'un saut, d’une frappe) d’'un impact (par exemple d’'une
frappe), une précision, une capacité de reproduction, une grande efficacité, des buts, de passes correctes, d’inter-
ventions réussies, d’aides réussies, du nombre de tirs au but.

Systeme selon I'une quelconque des revendications précédentes, dans lequel le systétme comprend au moins un
capteur (17, 18) pour mesurer un parametre environnemental choisi parmi le groupe constitué d’'une température
environnementale, d’'une humidité, d’'une pression d’air, d’'une altitude, d’une position terrestre (latitude, longitude),
d’une vitesse du vent, d’'une direction du vent, d’'une température d’eau, d’'une vitesse des vagues, d’'une direction
des vagues, d’'une dimension des vagues, d’une température du sol/de la glace/de la neige, de la densité du sol/de
la glace/de la neige, de la rigidité du sol/de la glace/de la neige.

Systeme selon I'une quelconque des revendications 1 a 6, dans lequel le module de conseil d’entrainement (2)
traite des données historiques de capteur stockées dans le fichier-journal et, sur la base de celles-ci, détermine la
fréquence d’entrainement.

Systeme selon I'une quelconque des revendications 1 a 7, dans lequel le module de conseil d’entrainement (2)
traite des données historiques de capteur stockées dans le fichier-journal et, sur la base de celles-ci, détermine le
type d’entrainement a effectuer dans la session d’entrainement suivante ou courante.

Systeme selon I'une quelconque des revendications 1 a 8, dans lequel le module de conseil d’entrainement (2),
lors dutraitement des données de capteur stockées dans le fichier-journal pour déterminer un conseil d’entrainement,
est adapté pour prendre en compte au moins un des parametres qui suivent : 'age, la taille, le poids, le sexe, le
niveau d’entrainement de l'utilisateur du systéme, le sport dominant, les buts de I'entrainement, les indicateurs
d’évaluation subjective de I'entrainement sur la base de formulaires de questions remplis etc.
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Systeéme selon I'une quelconque des revendications précédentes, dans lequel au moins un capteur (17, 18) pour
mesurer un parameétre mécanique est un capteur pour déterminer une accélération, par exemple, de la hanche, la
cheville ou le genou, dans lequel le module de conseil d’entrainement (2) est agencé pour programmer une session
d’entrainement a choisir parmi au moins deux des catégories qui suivent :

- un type d’'impact élevé, par exemple courir sur une surface dure,
- un type d’'impact modéré, par exemple de la marche rapide sur une surface douce, ou
- un type d’'impact faible, par exemple faire de la bicyclette, de la marche ou de la nage.

Systeme selon I'une quelconque des revendications précédentes, comprenant un module de représentation pour
représenter les données du fichier-journal d’'une maniére graphique sur un écran (1) ou un support papier.

Systeme selon I'une quelconque des revendications précédentes, dans lequel I'écran (1) et le module de mémori-
sation (2) sont une partie d’'un dispositif électronique (11), le dispositif électronique (11) étant choisi parmi le groupe
constitué d’'un ordinateur, un ordinateur portable, un téléphone mobile, une montre, un brassard, une piéce de
vétement, un bracelet et analogue, dans lequel les capteurs (17, 18) peuvent étre reliés au dispositif électronique
(11) ou a une partie de celui-ci.

Systeme selon la revendication 12, dans lequel les capteurs (18) sont connectables au dispositif électronique (11)
par I'intermédiaire d’une liaison sans fil.

Systeme selon la revendication 12 ou 13, dans lequel le module de conseil d’entrainement (2,) est une partie du
dispositif électronique (11).

Systeme selon la revendication 12 ou 13, dans lequel le module de conseil d’entrainement (2) est une partie d’'un
serveur situé dans un site éloigné, dans lequel le fichier-journal dans le module de mémorisation (2) est transférable
au serveur par 'intermédiaire d’'un réseau de données (20), tel qu’un réseau de données sans fil, Internet, un réseau
téléphonique ou des combinaisons de ceux-ci.
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